In order to study the application of alkali-making waste white sludge as filler or binder in highway engineering, the micro-structure characteristics of alkali-making waste white sludge and binder stabilized waste white sludge were observed, and the strength formation mechanism was analyzed. The results show that white sludge consists of crystalline calcium sulfate crystal and calcium carbonate crystal. Acicular aragonite crystal increases and transforms into stable massive calcite with the increase of age, the crystals aggregate together and form a spatial network structure. A large number of crystals stacked with CSH gel, filling the crystal pores, increasing the cementation between aggregate particles, and migrating CO 3 2-and SO 4 2-ions to inert aggregates. Waste white sludge can be used as filler of asphalt mixture, which significantly improved the water stability and durability of asphalt mixture. It would provide data support and theoretical basis for regeneration of Alkali-making waste white sludge in the pavement.
INTRODUCTION
The large amount of alkali-making waste white sludge stockpiling seriously endangers the local environment. In the past researches and applications, some physical and mechanical properties of waste white sludge have been recognized [1] [2] , but they are still far from enough. Henan University of Science and Technology analyzed the physical and chemical mechanism between free chloride ion in alkali residue and alkali residue lime stabilized soil [3] . Yang Jiu-jun used alkali residue from ammonia alkali process instead of fly ash to prepare building mortar [4] . In order to better understand engineering properties of waste white sludge and promote its large-scale use in highway engineering, the micro-structure of waste white sludge and inorganic binder stabilized soil used in asphalt mixtures was studied, and the mechanism of strength formation was analyzed.
CHEMICAL ANALYSIS OF ALKALI-MAKING WASTE WHITE SLUDGE
The chemical constituents of white sludge were obtained by energy spectrum analysis, X-ray diffraction and differential thermal analysis.
Energy Spectrum Analysis
X-ray photoelectron spectroscopy was used to detect the elements in the white sludge. The main elements in white sludge are determined by energy spectrum analysis. The experimental results are shown in Table I . From Table I , the content of carbon and oxygen in white sludge accounts for more than 70%, which is the main element in alkali-making white sludge.
X-ray Diffraction Analysis of Alkali-making White Sludge
Through X-ray diffraction technology, the phase analysis of white sludge was carried out to distinguish its crystal structure. X-ray diffraction analysis of air-dried white sludge powder is carried out, the experimental results are shown in Table II . Table II shows the chemical composition and contents of white sludge. it is found that there are a large number of CaCO3 and CaSO4·2H2O in white sludge, calcium carbonate and calcium sulfate dehydrate are insoluble in water and play a cementing role in white sludge. Both of them, together with silicon, magnesium, aluminum and iron oxides, served as the internal space framework of white sludge.
PHYSICAL TEST ANALYSIS OF WASTE ALKALI SLUDGE Particle Size Analysis
The particle of white sludge was obtained by dry screening method, as shown in Table III . According to Table III , about 80% of the particles are 0.075-0.01mm, so it can be concluded that the powder is the main component in the waste white sludge.
Liquid Limit and Plastic Limit
The liquid limit and plastic limit are 71.3% and 52.2% respectively. The liquid limit and plastic limit of waste white sludge are higher. This is mainly due to its strong hydrophilicity, plasticity index is 19.1, and so alkali-making white sludge belongs to clay category and has good plasticity.
MICROSTRUCTURE ANALYSIS
In order to obtain the most real natural structure of the alkali-making white sludge, the alkali-making white sludge was detected by SEM.
Microstructure of Alkali-making White Sludge
It can be seen from Figure 1 that the structure of waste white sludge is relatively loose. The surface of the granule is rough, forming a honeycomb structure. Figure2 and Figure3 are microscopic images of single waste white sludge particles under high-power lens. It can be seen that there are acicular aragonite on the surface of the white sludge particles, and the particle size is usually 2-4 um. It aggregates with other aragonite to form the space skeleton of waste alkali-making white sludge.
Among them, massive calcite is transformed from acicular aragonite, and the crystals are aggregated to form aggregates. There are small pores between aggregates, but they are tightly connected, structural integrity and not easy to be destroyed. waste white sludge（×3.0K）. crystals in alkali-making white sludge（×6.0K）. Figure5.Purewaste white sludge image(×6.0K). Figure 4 is the scanning electron microscope image of the white sludge stabilized soil made from fly ash. Figure 5 is the scanning image of the white sludge. It can be seen that the fine fly ash fills the internal pore of the white sludge, and the internal moisture is partially covered by fly ash. Waste white sludge powder, cement and asphalt form a certain spatial network structure. Hydration products play a "reinforcing" role among fine aggregate, asphalt film and powder. Eventually, hydration products interweave with asphalt film and powder, forming a spatial network structure.
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Microstructure of White Sludge as Filler in Asphalt Mixture
CONCLUSIONS
(1) Acicular aragonite crystal increases and transforms into stable massive calcite. The crystals aggregate together and form a spatial network structure.
(2) Fly ash can activate the activity of waste white sludge. A large number of crystals make the structure between aggregate and binder compact and stable.
(3) Hydration products form a spatial network structure, and the water stability and durability of asphalt mixture were improved significantly.
